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FOREWORD

The system described by this report has not been validated.

This report
represents, instead,

the efforts which led to the implementation of a labora-
tory system which will allow testing of the concept of a closed-loop LSO train-
ing system. Validation and refinement of the software described in this report

. will provide data for use in the development of an operational LSO training
system.
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PREFACE
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SECTION I
INTRODUCTION

This report describes research activities and results which are concerned 4
with application of modern training technology to a Navy LSO training problem. 4
. The Navy's LSO training program is producing insufficient numbers of skilled
LSOs. The level of skill acquired in training is also under scrutiny. An
earlier study sponsored by the Naval Training Equipment Center
< (NAVTRAEQUIPCEN) analyzed the LSO Job and training processi. That study
resulted in the identification of LSO training program shortcomings and pro-
vided recommendations for improvement, including the description of an auto- 3
mated LSO training system concept. Based on recommendations from that study,
a program was initiated to develop and utilize a laboratory LSO training sys-
tem for the investigation of automated LSO training system concepts.

The laboratory training system study is the subject of this report. It
was conducted in two phases. The initial phase covered the time frame between 1
September 1978 and September 1979. The follow-on phase was performed between
October 1979 and September 1980. There have been other related activities
sponsored by NAVTRAEQUIPCEN during this time frame. Subjects of these studies
include modelling LSO "waving" behavior, identification of global measures of
LSO "waving" effectiveness and evaluation of the LSO Reve:se Digplay, an oper-
ational device designed to support LSO training. NAVTRAEOUIPCEN has also been
conducting in-~house studies of LSO training strategies and applications of
computer aided LSO :nstruction.

o

The results of this program have confirmed the feasibility of the auto-
mated LSO training :ystem concept and have provided positive indicatiois of
potential training ‘ffectiveness for such a concept.

Subsequent portions of this report describe program objectives, activi-
ties, results and recommendations for future program direction. An appendix
is also provided whi:h describes the recommended performance capabilities for i
an experimental prototype LSO training system.

PO pra—

1. J.T. Hooks, E.A. Butler, R.A. Gullen and R.J. Petersen, Desi.yn Study for
an Auto-Adaptive LSO Training System, NAVTRAEQUIPCEN 77-C~0109-1, )Jecember
1978.
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SECTION II
PROGRAM OBJECTIVES

The purpose of this program, as stated in the Study Specification, was to
«+. empirically refine and validate the functional requirements and perform-
ance specifications for an automated adaptive LSO training system...." This
was to be accomplished "... through the development, implementation and
utilization of a laboratory system." Program activities toward this purpose
covered two separate phases, an initial contract effort and a follow-on
contract effort. ’

The objectives of the initial contract phase were to make significant
progress in the resolution of LSO training system design uncertainty and to
demonstrate the automated LSO training system concepts which were derived in
an earlier study by Hooks and others (1978). In support of these objectives,
several areas of investigation were planned. They are delineated in Table 1. ;
Of primary interest were the concepts of a "pilotless" LSO training system,
automated LSO performance measurement, and the requirements for visual simu-
lation in an LSO training system. These were considered the most important
issues in resolving the functional requirements for an automated adaptive LSO
training system. System development time was greater than originally antici-
pated. This factor precluded comprehensive experimental investigations. Two
issues, training transfer and adaptive LSO training strategies, were not
addressed due to limitations in the capabilities which could be incorporated
into the laboratory system.

The objectives of the second contract phase were based on results ob-

tained from exercising the laboratory LSO software. The first objective was 3
to enhance this system from two perspectives: perceptual characteristics of
the display and instructional features. The second objective was to evaluate
tne merits of interactive decision-oriented instruction early in the LSO 4
training cycle. A third objective was to evaluate the feasibility of limited
ingtructorless LSO training. The final objective was to evaluate the utility
of a simplified LSO decision-making model for early LSO training. There was
also an underlying secondary objective in this contract phase, the evaluation
of the system itself as a candidate part-task, LSO decision training device.
Some success was obtained in meeting these objectives, but the r:sults were
limited from a scientific basis. Although the training effectiveness of the
laboratory system was not validated, some insight was gained into directions
for future research with automated LSO training system concepts.

qaar
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TABLE 1. AREAS OF INVESTIGATION

System Level: Training Transfer
"Pilotless” Training System Feasibility

Visual Entironment: Instructional Feedback Display
Artificial Cueing
Resolution Requirements
Aircraft Level ¢f Detail Requirements
Field of View Requirements

Pilot/Aircraft Modellirg: Pilot Skill Var. .ation
Instructional Feedback Relevant Feedback Content
Selection of Learning :!.lternatives: Adaptive LSO Training Strategies
Performance Measurement : Speech Recognition Techniques

Applicability »f LSO Behavioral Models




“AVTRAEQUIPCEN 78-C-0.51-1

Sk, 11X
PRUOGRAM ACTIVITIES

g The primary accivities duriny this program involved the development and
utilization of a laboratory LSO training system called Interacrtive Experi-
ments System (lIE3). Another activity involved the exnerimental utilization of
the Aviation Wide Angle Visual System (AWAVS), now cal'led the Visual
Technology Research System (VTRS).

LABORATORY LSO SOFTWARE (IES)

Development Cf software for a laboratory LSO tra.ning system was initial-
ly oriented to the demoastration of an automated LSO training system concept.
This initial contract phase occurred between September 1978 and September
1979, Following that effort, a second contract phase was initiated to inves-~
tigate more specific¢ aspects within the LSO training system concept. This
activity occurred between October 1979 and September 1980. The activities
involved in these two phases are described below. 4

INITIAL PHASE. &s wmentioned earlier, this initial contract phase was oriented
toward several areas of investigation. For IES, the primary rocus was on
development and demonstration of the concept of an automated system for LSO

| training: a "pilotless,” closed-loop system allowing LSO interaction through
P automazed speech recognition. Figure 1 depicts the eqguipment configuration of
IES.

Development. Development of this system was based on a preliminary design
presented in an earlier report by Hooks and others (1978). Hardware at
NAVTRAEQUIPCEN for which IES was designed included a NOVA 1200 CPU, a NOVA 800
CPU with floating point, a VIP-100 voice recognition preprocessor, an inter-
srocessor communication link (IPB), a shared disk featuring two removable and {
] two fixed cartridges, a Megatek 5000 random scan graphics display, and a
Talley Model 2200 line printer. Software design and development were accom-
plished by Logicon and NAVTRAEQUIPCEN personnel, using a government-owned
Zclipse S$-130 at Logicon. IES was designed such that Logicon personnel pro-
duced the scftware for system elements to be run on the NOVA 800 and
NAVTRREQUIPCEN perscanel devsloped the software elements for the ¥Ova 1200.
This minimized :zvstem testing and integration problems during devoloprent.
Early into the davelopment effort it was noted that there would be limitations ]
in CPU capacity wnich would limit the number of available training functions.

Therefore dceveiopment efforts had to include functional priority considera-

tions. As a result, IEE capabilities were somowhat less than oricinall-:

2nvisionad, and =he Ope:ating svystem for the Nova =00 wis changed from ®DOS, a

Jdisk hased system, to RI’CI, a memory resident systen; RTC5 has fewer capabili-

ties but is also less demanding of resources.

e e Rt o

Lion. he operd .ing weept for Lo owad to a0 o lrs.nee to

wortreval of an apolroach, pecceilve the neced 1o & -oice call
and iv;ut <he call te wia gysten.  Tre gystem wouid then provess Loe call,
simulate andl display tlot resiise, and recoc.od an evaluaticn of trainee per-

formance. Thus, 1B8C oowide:s 7rged~loen LST and ilot interacticn in an
ingtructionnal sccnacico-oontrollad environment.
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There are several major functional aspects to IES: graphic displav of
aircraft and approach scene, LSC performance evaluation, speech recognition,
Aircraft/Pilot Model (APM), exercise control and performance data recording.
Paragraphs below provide descriptions of system functions and an overview of
system operations in its initial version.

The graphic system of IES provides a line-drawing depiction of an
approaching aircraft and background scene including horizon, carrier deck out-
line and ship's wake. It also provides text messages and an aircraft position
grid presenting dynamic glideslope, lineup and range information. The air-
craft image has minimal fidelity, looking somewhat like a wire model airplane.
This significantly minimizes graphic processing requirements. The visual
field of view covers about 60 degrees (horizontal) and the aircraft image is
updated approximately 12 times per second. Figure 2 is an annotated depiction
of IES in the initial phase.

LSO performance evaluation is provided by correlating recognized voice
call input to aircraft state parameters (including glideslope, lineup, angle
of attack and range) to a pre-programmed model of correct performance. Table
2 provides a listing of 33 voice call and approach situation correlations
which are incorporated into IES. This is essentially a significant sim-
plification of the LSO behavioral model developed by Borden and McCauley
(1978).2 Pperformance evaluation in IES is a "snapshot” model which does not
account for rates of aircraft parameter changes (such as sink and drift rate).
However, the model implementation is such that it can be increased in complex-
ity if IES were implemented on hardware with greater CPU resources. Another
limitation to the initial version of performance evaluation is that "errors of
omission” (e.g. no voice call when one is required) are not detected.

Automated speech recognition involves the collection of an LSO's voice
patterns on each call which will later be used in training exercises. This is
the interactive link between the LSO and the approach situation. IES has been
designed to handle 23 standard LSO voice calls. Table 3 provides a listing of

iES voice calls. ©Not all of them are used in the performance evaluation
function.

The aircraft/pilot model (APM)} function guides the simulated aircraft
flight dynamics based on pre-programmed maneuver commands or comiands based on
LSO voice calls. The approach speed of the aircraft is fixed at 110 knots of
closure. Glideslope ani lineup positioning vary between a series of zones
which reflect varicus deviations from optimum positioning during approach.
Rates of glideslope and lineup positioning changes are variable pre-prcgrammed
values. Lineup pcsitioning changes include aircrafit roll movement for change !
initiation and completion. Angle of attack (AOA) is reflected in pitch vari-
ation bhetween optimum (about 10 degrees nose up), fast (about five decrces
nose up) and slow (about fifteen degrees nose up). Range is segmented 1nto

‘our zones wnich begin at one mile: "start," "in the middie," "is <. " and
"t rthe ramp.”  Figure 3 provides unscaled depictions of glidesicpe, ..2up
ard range zonw variations. APM also reflects pilot skill and resuonsiveaess

2. G.J. Borden ari M.E. McCauley, Computer Based LSO Carrier Rircra't
Fecovery Model (Prouress Report), Human Performance Research, Inc., 1978.
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TABLE 2.

PERFORMANCE MODEL IN IES

Relevant Aircraft Paramcters

ined Up Right"
ined Up Right"
"You're Fast”
"You're Fast"

low"
low"”

Line Up"

Range Glidzslope Line Up
Start Very High = = = ==~-==—-
Middle Very High = = = ====~w-
Close Very High = = —===~--
Start Low = eeeea———
Middle Low = eeee—aaa
Start @ 2= 0 0=—me—o- Left
Middle = = @ e=———ee Left
Start == —====- Right
Middle @ =  <=m=—--- Ri ght
Start = ---mm=- emsese-
Middle = = <=memmee @ ceece—a
Start = =womme- mmesee-
Middle = = =memmee eeemeee
Close Low 0000 eeecea-
Close = ==m=c== ecemea-
Close @ =  ==—m—e- Left
Close = = ==--=-- Right
Close Low Left
Close Low Right
Close High Left
Close High Right
Close Low =00 meeeee-
Close High = ===~e--
Close = = ==-==-- Left
Close =  —-—--=- Left
Close = =  ==—=--- Right
Close = ~  memmee- Right
Ramp Low 00 meme——a—-
Ramp High = —=—eea-
Ramp = = ==-=--- Left
Ramp  ==-mee- Right
Ramp = ===me—— eemeeen
Ramp ===~==- smosses
------- " indicates that this parameter is ignored by the
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TABLE 3.

LSO VOICE CALL:3 IN IES

Roger Ball

You're A Little High
You're High

You're A Little Low

You're Low

You're Going High

You're Going Low

You're Lined Up Left

You're Lined Up Right

You're Drifting Left

You're Drifting Right

You're Fast

You're Slow

Check Your Line Up

Don't Settle

Don't Go Low

Don't Climb

Don't Go High

A Little Power

Power

Right For Line Up

Left For Line Up

Waveoff

15
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variations based on pre-programmed scenario inputs. Skill is reflected in the
size of glideslope and lineup variation within a zone. Responsiveness is
reflected by pre-programmed time variations between LSO voice call and
aircraft response.

A primary influence on exercise control is the scenério selected by the
operator. The scenario file contains a pr:-programmed a rcraft approach pro-
file which has been designed for a specific training pur;.ose. Maneuvers and
changes in AOA are keyed in the scenario to range values. In the initial
version of IES, text prompting messages are¢ also pre-programmec, and display
of the text is an operator opticn prior to starting an approach. Another in-
fluence on exercise control occurs when an LSO voice call is recognized by
IES. For a correct voice call (as determined by performance evaluation), the
aircraft responds with a pre-programmed maneuver to correct the existing
deviation. Incorrect voice calls are ignored in the initial version of IES.
The final influences on exercise control are operator options selected prior
to commencement of an approach. In the phase one version, thesge include
display of scenario text messages, display of performance feedback messages,
display of aircraft position grid and determination of whether the aircraft
will maneuver in response to LSO voice calls.

Performance data fromn an approach is saved and displayed at the oper-
ator's terminal at the end of approach and is available for printout at the
end of a training session. Data available in the initial IES version includes
scenario, LSO name, operator options selected, voice calls along with the
aircraft parameters at the time of the call, correct call if call made was
incorrect, aircraft parameters throughout the approach (at a sampling rate of
about once every second), and an accounting of time spent by the aircraft in
the various glideslope, lineup and AOA zones.

From an overall viewpoint, IES is a limited representation of all major
functional elements of an automated LSO training system with the exception of
automated, adaptive syllabus control.

Utilization and Results. After implementation the system was demonstrated to
several fleet LSOs, and an informal test was conducted in-house at Logicon.
Two subjects were used in the test, each having a Navy carrier pilot back-
ground, but no LSO experience. Over two days, each subject wa:s sequenced
through syllabus exercises. Syllabus sequencing was based on incremental
introduction of waving skill components (glideslope, lineup, AOA and waveoff
related calls). From the standpoint of system operability, the system tested
successfully. From a training standpoint, however, several deficiencies were
discovered.

a. One of the major discrepancies involved difficultie¢s on the percep-
tion of approach deviations presented by the scenarios. This led to a con-
clusion that some amount of parameter exaggeration was required to enable
meaningful presentatior of waving situations.

b. Absence of a capability to detect errors of omissions sicnificantly
lessened the value of the performance evaluation function.

c. It became evident during testing that a freeze capability would aid
effective conduct of a training session.

17
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d. The aircraft position grid proved to be excessively cluttered, thus
lessening its effectiveness as a perception aid.

e. The fact that the aircraft responded only to correct LSO calls turned
out to be an excessive departure from real-world LSO waving interaction.

f. There were speech recognition difficulties which were attributed to
lack of a contextual voice data collection (VDC) and to collection of data for
more calls than were actually used. The VDC capability was implemented at
NAVTRAEQUIPCEN but was not used in Logicon's in-house testing.

g. It was noted that the performance evaluation feedback feature would
have been more effective if clarifying information could have accompanied the
display of the correct call.

h. Design of the glideslope and lineup "zones" to converge at the opti-
mun touchdown position significantly degraded the depiction of deviations for
the "in close" and "at the ramp" segments of the approach, precluding vari-
ations in the final results of the approach. The system was thus unable to
provide additional feedback on the effectiveness of LSO control in the
terminal portion of the approach.

i. There was some question regarding the fidelity of the aircraft image
from a training standpoint.

j. It was also noted that some form of evaluative feedback should be
presented to the subject by the system following the approach, in order to
enhance learning rate.

Another result of testing and demonstration of the system to skilled LSOs
was the realization that the laboratory system with refinement, has signifi-
cant potential as an introductory, part-task LSO decision training system. It
could provide limited interactive training in an instructional sgetting such as
the LSO Phase I School.

SECOND PHASE. In response to the results obtained from initial utilization of
IES, software revision and IES testing, in accordance with the program objec-
tives stated earliier, were ccnducted next.

Development. Since the software revisions were directed at increasing the
capabilities of IES, the initial efforts involved identification of candidate
erhanczments and the structuring of overlays in IES to increase available
memory. A functional specification of highest priority enhancements was
developed and the software revisions were designed and implemented incre-
imentally. As in the initial contract pnase, the revision effort invoived
Logicon and NAVTRAEQUIPCEN programmers. The functional aspects of the system
which were revised included a graphic system, performarce evaluat:~n, APM,
exercise contrcl and performance data recording. The scenario files were also

todified and additional scenarios were added to IES. The results of the
revisions follow.

joftware Description. 'The operating concept of IES remains as described for
“‘e initial contract phase. The revigions for this contract phase are out-
.ined in Table 4 and discussed in the paragraphs below.
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Freeze was implemented in the revised 1IES. This is initiated through the
operator terminal. From the "freeze" state, operator action can be taken t.»
either resume the approach to its completion or term:nate the a)proach.

TABLE 4. IES ENHANCEMENTS

Freeze

Prompt and Feedback Messages

Detection of Voice Call Omissions by Perfcrmance Evaluation
System

Graphic System Enhancements

Aircraft Response to Selected Incorrect Calls

Revision of Glideslope and Lineup Zone Origin

Exaggerationr of Deviations

Approach Results Display

Revision of Per‘ormance Summary Data

During freeze, text messages and aircraft position grid r=main displayec.
During freeze, an enhanced a:rcraft image is displayed.

Prompt and feedback text messages were expandel to provide clarifying
information in terms of relevant aircraft approach rarameters. Fcr exarple,
1f the call "You're Low" was recognized, but "You'r: High" was the corr.ct
call, the relevant parameter: of range and jlideslce would be displayed. The
display of prompt messuages was revised such that thay are now data-driven and
rot controlled by pre-programmed scenario t :xt commands. If the prompt option
15 selected, the correct call and relevant rarameters are displayed as soon as
the aircraft reaches a state requiriig a cail.

Performance evaluation accounts for "errors of orission” in the revised
IES. If a call is not made within a brief time period after the aircraft
reaches a state requiring a call, an LSO performance error is noted by the
system. 1f the f~edback message option is selected, information as described
above for a prompt is displavyed.

There were several revisions to the IES graphic system. One mentioned
ear.:ier 1s the enhanced aircraft image displayed during freeze. This image is
similar to the A-7 aircraft and provi les perceivabl: separatio of wing and
horizontal s2an.lzer. The run-time a.rcraft image was also 1mprosved siightly.
Additional carrier landing area markings were incorporated into the background
scene. Clutter in the aircraft position grid was reduced. Figure 4 1s a
depiction of the revised IES.

The capab:lity was addel for the aircraf* to rispond to selected incor-
rect voice calls. These .nclude "waveoff," "power.," and "right/left for
lineup”, which are imprrative LSO calls for which pilot response is very
Likely even 1¢ incorrectly used by the LSO.

The origin for gl.deslope and lineup zones was revised. The 1nitial ver-
sion of IES had the zone originating from the ideal touchdown point on the
deck. This 414 not allow for deviations on touchdown, nor did it prov.de ade-
quat perceptual variation i the final portion of the approach. The zone
orig.n has been roved s0 that glidesiope and lineup deviations on touchdown
can vary a:.d be discrimirated by the system for reporting approach results to
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the LSO. 1In response to difficulties reported in perceiving glide:lope,
lineup and AOA deviations, the sizes of the deviations were exaggerated and
optimum glideslope was rotated upward.

At the end of an approach, touchdown dynamic: are presented in the text
area of the display. Parameters presented include arresting wire (where a 3
wire is optimum), lineup position (only if other than optimum) and angle of
attack {(only if slow or fast). If the aircraft is too high to catch a wire
the landing result presented is "bolter" (landed but did not catch a wire) or
"waveof £" (too hig: to touch the deck).

The system fo: performance summary data recording, displaying it (on the ]
operator terminal) and making it available for print-out was revised. The
periodic recording of aircraft parameters throughout the approach was deleted.
The summary of LSO voice calls correlated to aircraft parameters was stream-
lined and revised to present word and acronym descriptions instead of number
codes. The zone accounting data was also reduced. Figure 5 shows a sample
performance summary print-out.

As mentioned earlier, IES is a laboratory representation of automated LSO
training system concepts reported earlier by Hooks and others (1978). Figure
6 excerpted from the report, presents a generic functional architecture for an
automated LSO training system. Table 5 presents a summary of IES features
correlated to that functional architecture.

Utilization. After implementation of software revisions, IES was informally
exercised with three subjects at Logicon's San Diego facility. Time and
equipment availability constraints precluded extensive experimentation. The
intent of this activity was to obtain performance data and subject ve commen-
tary which would help identify potential strengths and limitations of IES and
the LSO training system concepts represented by it. Each subject -eceived
training in tne basic LSO decision skill subset which was designed into ES.
Questionnaire and system performance evaluation data was recorded during the
stuldy to evaluate system capabilities and potential training merits.

The training consisted of four sessions for each subject. Each session
was approximately one and one-half hours in duration. Two of the subjects
were Navy pilots without LSO skills; one was a very experienced carrier pilot,
the other very inexperienced. The third subject was a highly experienced LSO.

There were several procedures in the study which were common to each ses-
sion. Each session included four portions: session briefing, training, test-
ing, questionnaire completion. During the session, the subject was allowed to
retain a handout containing system and training information for easy refer-
ence. Midway through th: training portion of the session and just prior to
testing, the subject was given a break from session activities. During test-

ing, the system operator manually recorded voice calls when speech recognition
errors occurred.

The testing portion of each session involved having the subject "wave" 20
scenarios without the aircraft position grid and with only speech recognit .on
feedback messages available. The system operator provided no verbal feedback
to the subject regarding performance during testing. The test always included
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TABLE S$. SUMMARY OF IES FEATURES

INSTRUCTIONAL PRESENTATION

a.

€.

Visual Environment

1. generic aircraft outline provided during approcach; at freeze the
outline switches to one with similarity to the A7 aircraft

ro
Q.

ay scene operating environment with depiction of chip's wake;
field of view of about 60 degrees

3. generic carrier deck outline with centerline and "ladder line"
markings; flush deck LSO platform

4. instructional effects include cueing aid for aircraft positioning
{glideslope, lineup, range) and text messages for feedback and
prompting

Pilot/Aircraft

1. simplified performance characteristics included fixed approach

speed, limited variations in AOA (fast, on, slow), limited
variations in sink and drift rate, limited correlation of roll to
lineup changes, no correlation of pitch to glideslope changes

2. ‘"zones" established for glideslope, lineup and AOA deviations for
control of variations in aircraft maneuvers

3. piiot characteristics limited to size of deviations within zones
fsmall, medium, large) and variations in response rate for
maneuvers (fast, medium, slow)

Audic Cues - not provided

Workstation Displays - not expiicitly provided, however cueing aid
has functional similarity to LSO HUD

Workstation Controis - microphone provided for LSO communications to
the piliox

Deck Motics Cues - not provided

Instructioral Feedback - through operator options, performance feel-
back and prompting are avaliiable

CCNTRCL

.

Selection of learning Alternatives -~ automated capabiliity not
provided

Selecticn of Proficiency Alternative - automated capability not

provided
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TABLE 5. SUMMARY OF IES FEATURES (CONT'D)

Instructor Intervention

1. 1instructor (operator) displays limited; over-the-shoulder ¢bser-
vation of student display, own CRT displ.ay of options selected
and end of run summary data (approach results and student
performance)

2. instructor (operator) control limited; scenario selection, pre-
selection of instructional options (prompting, feedback, cueing
aid, aircraft response), freeze during run, re~run approach

3. data automatically recorded for each approach (operator selec-
tions, student performance, approach results) and available in
hard copy through a line printer

PERFORMANCE EVALUATION

a.

b.

Performance Measurement

1. speech recognition for limited LSO c:zlls :
2. detection of aircraft state pacameters

3. accountability of aircraft positioning in "zones"

Scoring -~ determination of correctness of LSO call (or lack of call)
with respect to aircraft state parameters
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tne same 20 scenarios. However, they were presented in a different sequence
each time. Ten of the scenarios were selected frow the 21 basic training
scenarios used in the training portion of the study- The other ten involved
more complex, multi-dimension deviations modelled after typical unsuccessful
e approach profiles (those which lead to bolters, hard landings and ramp
strikes). The tesc did not include any "catch trials." Descriptions of the
training and testing scenarios are presented in Appendix A.

The questionnaire completed by the subjects consisted of the same ques-
tions for each period. Of primary interest were problems experienced with
IES, suggested IES improvements, ease of detecting deviations and learning
achieved during the session. At the end of the final session, additional
questions regarding the subject's perceptions of overall learning
acnhievements, IES instructional strengths and potential IES utilization
ccncepts were presented. A copy of the questionnaire is presented in Appendix
B. Questionnaire results are discussed later in this section.

All subjects received the same testing and all completed the question-
naire. The two non-LSO subjects received the same briefing and training por-
tron of each session. The experienced LSO subject observed during each
session of another subject. Following this observation effort, he received a
brief practice period with the 21 basic training scenarios prior to being
tested. The four sessions experienced by the non-LSO subjects are described
below.

In the first session the subject was given a comprehensive briefing con-
carning the study, IES and the training to be accomplished. A system and
3 training information handout was also provided to him for reference. Follow-
ing this the subject observed several approaches on I1IES for familiarization.
The next step was voice data collection (VDC) for the 10 LSO calls to be used
in training. VDC was accomplished through visual prompting from an alpha-
numeric CRT terminal, with four repetitions of each phrase and voice valida-
} tion. The training portion of this session consisted of IES prompted pre-
sentation of all 21 basic training scenarios. The aircraft position grid was
3 available for each approach and the system operator provided verbal pre-
orompting prior to each approach. Testing and questionnaire completion
finished the session.

For the seccnd secsion, the subject was given a refresher briefing on the
system and the study. The specific scenarios to be emphasized in this session
were also discussed. During this session, training focused on 10 scenarios
whach consisted of informative voice calls for glideslope, lineup and AOA de-
viation within "at the start" and "in the middle"” range zones. Initially,

| each of the 10 scenarics was presented with verbal pre-prompting, real-time
2% prompting and the aircraft position grid displayed. The second time
through the same scenarios, there was no prompting, but IES feedback and the
aircrafc position grid were available. The final portion of traininy iavolved
practice with the 10 scenarios plus prisentation of several “"caton tooal”
scenarios (those with slight deviations but not requiring voice calls).
Dering practice, the only aids available were IES performance feedback {
nessages. Testing and guestionnaire completion finished the session.

In the third session the subject was again given a refresher briefing and
specific scenarios to be emphasized were discussed. During the session,
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training focused on seven scenarios covering the imperative voice calls used
w.th single lineup and glideslope deviations for "in close" and "“at the ramp"
range zones The initial portions of scena-io presentation were as described
in the second session. During the practice portion, training scenarios
learned in the previous session, as well as "catch trial" scenarios, were also
included. Testing and questionnaire completion finished the session.

In the fourth session the subject was again given a refresher briefing
and specific scenarios to be emphasized were discuss:d. Training for this
session focused on four scenariogs which covered the "waveoff" call for mul~
tiple dimension deviation within the "in close" range zone. The practice
portion of the session included nearly all of the 21 basic training scenarios
plus a few "catch trials." Testing and questionnaire completion finished the
session.

Several problems vere encountered during utilization of the system.
Apjroximately twenty-f ve percent of the LSO voice calls were not properly
re.ognized by the spee:h recognition sub-system. This, in turn, caused frus-
tration on the part of the subjects and required manual reco-ding of unrecog-
nized voice calls by the system operator. Unfortunately, the collection of
voice data in a training context was not available when experimentation began.
This is noteworthy since experience in other speech recognition-based training
systems suggests that the voice data collection procedure influences the
speech recognition performance. The interested reader is referred to Breaux
and Goldstein (1975) and Breaux and Grady (1976). Also, in a follow-up inves-
tigation of the speech recognition subsystem, it was found that the threshold
parameters were not optimized for naive system users. Another problem was
that there was no performance data recorded for one of the subjects (inexperi-
enced pilot) during his first two sessions. This was due to a temporary
breakdown in the data recording feature of IES. There was ai1 excessive del.y
of aircraft response to scenario-generated maneuver commands and to LSO voice
calls. This discrepancy was noted prior to experimentation, and scenario
maneuver timing was corr:cted to better reflect scenario training objectives.
However, delays in aircraft response to LSO calls was not corrected. From a
"waving" standpoint, the aircraft response delays lessened the realism of
LSO-pilot interaction ant was noticeable to the subjects. Another problem was
that the output from performance evaluation was occasionally in error. For
example, the recorded output of aircraft parameters did not always agree with
the voice call which was recorded as correct or incorrect. This error was
very infrequent but required extra attention to the performance data printouts
during analysis.

Several other items concerning experimentation are considered wcrthy cf
comment. A few features of IES were not exercised during experiment.tion.
The operator options to freeze, to rerun scenario, end to preclude a:rcraft
maneuvers on LSO calls were not used. The training value of freeze and rerun
were considered unquestionable and therefore were i..tentionally left out since
this was such a brief study. Precluding aircraft maneuvers on LSO vcice cclls
seemed more appropriate to a more extensive IES training program and was a:lso
intentionally left out of experimentation. The small sample of subjects used
in this study was a shortcoming which could not be prevented due to time,
equipment and subject availability constraints. More subjects and mcre train~
ing sessions per subject would have been desirable. However, since -uture
experimentation with IES Fy NAVTRAEQUIPCEN appeared to be a realistic
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possibility, it was considered more important to LSO training research objec-
tives to complete this study and report its results within the contracted cost
and time frame.

Results. The results from experimentation with IES are described below. Disg-
cussion of recorded performance data is followed by discussions of question-
naires, then the performance and questionnaire results are discussed concur-
rently. In view of the extremely small sample, tests of statistical signifi-
cance were not performed.

Overall performance measures by each subject improved after each session.
Measurement of performance was defined during analysis by the percentage of
correct calls within all call opportunities (calls made plus calls which
should have been made.) Figure 7 depicts group and individual performance
over the four sessions. It is noteworthy that the experienced LSO had the
highest performance scores and the inexperienced pilot had the lowest, which
is expected in a valid training system. Group performance data was also
analyzed from several other perspectives.

Figure 7 also depicts performance by types of deviations over the four
sessions. Notice that LSO performance with lineup deviations was the lowest,
whereas performance for AOA and combinations of deviations tended to be higher
than the others. High performance levels for combination deviations are
probably due to the fact that a single call, "waveoff,” was the only decision
output for each of these situations in this study.

Figure 7 also depicts performance by range zone over the four sessions.
Performance during "in close" tended to be below the others whereas "at the
ranp"” performance was well above the others in the final two sessions. The
results of "at the start" performance are probably insignificant since there
were very few deviations presented within that range zone. There are several
Lixkely reasons for poor "in close" performance. One is that there were more
"in close" situations to be learned (8 out of 21 basic training scenarios).
Additiornally, for several deviation situations, the required calls differed
significantly from "in the middle" and "at the ramp," making "in close" range
zone estimation a more critical decision factor than for other range zones.
tnese situations are delineated below:

Deviation Iin the Middle In Close At the Ramp
Low "you're iow" "power" “waveof £"
Slow "Yoa're slow" "power" "waveoff"
Fast "you're fast" none “"waveoff"
Right "you‘re lined up right" "left for lineup” "waveoff"
Left "you're lined up left" "right for Iineup" "waveoff"

Tne high performance levels for "at the ramp" were prcbably influenced by the
fact that for any significant deviation in this range zone, the only ccrrect
call was 'waveoff."

From the perspective of cails used, performance quality with the "wave-
of " and "you're slow” calls was dramatically higher than for any others.
"Waveoff" call performance was probably influenced by the heavy training em-
rhasis rlaced on i%ts utilization. Eight of the 21 basic training scenarios
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elicited the "waveoff" call. Additionally, many of the complex testing
scenarios were designed to result in “"waveoff” situations.

The data were analyzed to see :f performance with the basgic training
scenarios portion of testing differed from that with the more complex
scerarios. Surprisingly, the differences appeared inconsequential. Data was
also analyzed to see if there were differences in performance between
informative and imperative calls. The differences here also appeared to be
insignificant.

In the questionnaire, subjects were asked to rate how well they could
detect the various deviations within the various range zones. Glideslope
deviations (high in particular) were rated easiest to detect and angle of at-
tack deviations (fast in particular) were rated lowest. The subjects ranked
"in close" as the range zone in which deviations were easiest to detect. The
"middle" and "ramp" range zones were also rated fairly high. The "start"
range zone was rated quite a bit lower than the others, as was expected. The

subjects noted that it was difficult to perceive deviations due to the small
size of the aircraft image at long ranges.

After each session the subjects were asked to identify the two decisions
whnicrn were best learned during that session. The decision to call "power" for
low glideslope in close was most frequently noted (four times). "Waveoff" was
called for high, fast in close and for low, slow in close, and "you're lined
up rignht/left” was called for lineup deviations at the start (three times
each).

To help identify potential shortcomings in IES effectivenss, the subjects
were also asked to identify two decisions for which the least learning
occurred during each session. "Waveoff" for lineup deviations at the ramp was
mentioned most freguently (five times). "Right/left for lineup" for lineup
deviations in ciose was also mentioned frequently (four times).

At the end of the study the subjects were asked to rate how well they had
learned the various decisions in the course of the study. The purpose of this
question was to force the subjects to reflect upon the overall learning
experience with IES. All subjects felt that they had "learned"™ or "learned
very well" all cecisions, with cne exception. One subject was st sure if he
had learned to use the call "waveoff" for lined up right at the ramp. His
reason was based upon uncertainty in perceiving the deviation. Decisions
related to lineup deviations at the start, in the middle and at the ramp, and
glideslope deviatiors at the start received the lowest overall ratings.

The guestionnaire also brought out several aspects of IES which the sub-
jects felt needed inmprovement. Problems with speech recognition were most
frequently ncted. From the subjects' standpoint it caused frustratioa. 7Tt
was also noted that automated performance measurement was degraded and that
"instcuctor" (system operator) loading was high due to wanually recording
voice calls. GDifficulty detecting the fast AOA deviation was also notec by
all subjects. Two of the svbiects commented that there should have b2en more
"ok" approaches (no deviations) during training and testing. It was also
suggested that tne training portion of each session should include several
complex, multi-deviation scenarios such as those presented during testing.
The authors concur that these suggestions would have improved the reliability
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of study results. A "pickle" switch was suggested by two subjects. One
subject suggested a large display and another was critical of aircraft image
"jerkiness" in close. One subject suggested that the text message:; would be
easier to monitor if lccated nearer to the aircraft position grid. The
authors concur that the suggested modifications to IES are potential
improvements, but their cost-.ffectiveness is questicnable.

The experienced LSO had rome additional critique items of interest. He
felt that training and performance evaluation should incorporate some pre-
cautionary calls such as "check your lineup," "you're drifting lefr,"™ "don't
settle," etc. These would help provide instruction in anticipatory decision
skills in addition to the "snepshot" skills currently addressed by IES. It ‘
would also provide finer tuned control of aircraft dynamics by the LSO trainee b
since, when properly us:d, precautionary calls can preclude gross deviations.
He was also critical of the roll dynamics associated with lineup deviations,
since most real-world lineup deviations are more subtle. Increased feedback
and instructional guidance to the student at the end of an approach was also
suggested and was strongly concurred in by the authors. He felt that the ]
horizon should be more prominent and that the lineup deviations and correction
rates, in close and at the ramp, were excessive departures from realisn. He
also felt that a "ramp strike” should be one of the possible outcomes of a
poor approach.

The subjects had several! inputs regarding perceived strengths of IES for
LSO training. All agreed that IES promotes a conceptual understanding of LSO
decision skills. They felt that the interactive LSO task performance aspect
of [ES is a valuable introduction to waving, since it allows a trainee to gain
early experience with the key elements of the LSO's decision loop: detecting,
deciding and taking action. The inexperienced pilot felt strongly that his
experience with IES in this study would be helpful to him in his early
on-the-job LSO training. The aircraft position grid, in conjunction with the
"snapshot" approach jarameters associated with voice calls, encourage him to
approach learning the LSO job from a "window" concept. He said that he will
establish a series of spatial "windows" which he will use to guide his
learning of when to use the various LSO voice calls. The experienced LSO also
suggested that, if situations requiring a larger selection of voice calls were
incorporated into IES training, this systen could help promote voice call
standardization in the LSO community. A quote from the experieaced LSO is
also noteworthy in providing insight into the potential value of LSO training
system support to the LSO training program: "... the machine is extremely
valuable. What it lécks in reproducing reality, it more than makes up for by
| pro>viding student LSOs valuable decision making training which is never avail-
’ abie in sufficient giantity in the fleet. It will eliminate the necessity of

the Air Wing LSO con :entrating on basics...."

There were some interesting correlations between tagk performance a1d

questionnaire data. Of major interest to LSO training goals is task perform-
ance within the "in close” range zone. Pilot and L3S0 errors here can lead to
tragic landing results. "In close" was the range zone in which the poorest
per formance was demonstrated, whereas the subjects felt that deviation detec-
tio: was easiest in this area. As mentioned earlier, the number and coa~
ple:ity of the "in close" situations may have adversely affected performance.
As ®igure 7 (presented earlier) shows, "in close" performance appeared to be
dramatically improving in the final session. This, coupled with the subjects'
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opinion of their detection s8killsg, could indicate that there were tno few
training sessions to fully integrate the decision and action aspects of the
task with detection. AOA was rated by the subjects as the mogt difficult type ?
of deviation to detect, but performance with AOA deviations was well above
average.

Regarding how well the subjects learned to "wave" various situations
there were also some noteworthy correlations. Performance was very high for
situations consisting of combination deviations. This compares favorably with
the perception of the subjects that low, slow in close and high, fast in close
(two situations leading to the "waveoff" call) were well learned during IES
training. This is probably indicative that the subjects easily grasped the
decision rule promoted by the training sessions that two major deviations in
close require a "waveoff" call. Conversely, although the subjects felt that
they learned well the situation low in close (leading to the "power" call),
their performance for this was below average. This seems to indicate the
difficulty subjects had in discriminating voice call requirement transitions
by range for low deviations during approach, as discussed earlier. Situations
consisting ¢f lineup deviations in close and at the ramp were considered most
difficult to learn by the subjects. Performance data fcr lineup deviations 1in
close concurred with this perception. However, data for lineup deviations at
the ramp indicated a high level of performance.

In summary, several results of IES utilization were encouraging. There
was a definite imporvement in subjects' ability to perceive deviations from
the original version of IES. The instructional feed back text feature of IES
was also a definite improvement. Even though performance was less than
expected, the learning progres over the four sessions was encouraging. The
high level of performance and rate of learning for use of the "waveoff" call
were jarticularly encouraging. The most encouraging result of all was the
subjects' high level of receptivity to the automated LSO training system con-
cepts of interactive, decision-oriented training. The fact that, after four
training sessions, subjects were making correct calls only about fifty percent
2f the time was disappointing. Poor student performance for in close situ-
ations and poor system speech recognition performance were algo disappointing
results. 1In retrospect, the authors feel that the subjects should have
received more taining sessions to better assess student learning progress.

For a field application there are several signifcant snortcomings to IES.
Operaticn of IES was not desigrned for "turn key" utilization in a field
training setting. The scope of instruction for field utilization is extremely
limited, only eacompassing minimal interactive LSO decision situations and
voice calls. lexibility for scenario revisions and expansion is verv limited
due to hardware constraints and software structure rigidity. Resolution of
systemm shortcomings is possible with new hardware and revised software, but
there is probably a significant cost consideration.

AWAVS EXPERIMENTATION

EIxperimentation was planned for the Aviation Wide Angl= Visual System
(AWAVS) at NAVTRAEQUIPCEN to irvestigate visual simulation requirements for an
LSO training system. Subsequent paragraphs briefly describe AWAVS, experi-
mental plans, experimentation activities and results. An expanded discussion
of this activity is available in Appendix C.
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AWAVS is a large lomed visual s.mulation surrounding an aircra’t cockpit
(m™=2). The aircraft s mulation includes a motion base. AWAVS can »>roject
11 tegrated imagery to he display area (about 180°) through two prcjectors,
or.» for background scene, the other for target image. Projected iragery can
cone from either a model board or computer generation source. AWAVS was
de signed for research with visual simulation requirements for pilot training.
For this experiment a computer generated A-7 aircraft data bage wa: developed
an.. a model aircraft carrier deck was constructec. AWAVS projectec the
carrier image through the background projector ard the A-7 image thcough the
target projector to provide a carrier approach scene from the LSO's
perspective.

Oricinal experimental plans called for investigation of several visual
simulaticn variables including resolution, field of view and aircraft image
ievel of Jetail. Testing was to be done under simulate ! day and night ambient
light conditions. Due to system capability constraints, plans were reduced to
lookxing only at field of view variations, and only under simulated day condi-
tions. Constraints included: limited preprogrammed control of aircraft
approach dynamics, no night aircraft image, and only a single image level of
detail available. Addi:ionally it turned out that only the highest system
resolution allowed recoynition of the aircraft image. The question actually
addressed was whether field of view size made a difference in LSO perception
and voice call performaice. This was considered important since field of view
size is a significant cost consideration for candidate visual systems.

In conducting the experiment, six highly skilled LSCs were used as sub-
jects. Canned approach profiles were displayed to the subjects who were in-
structed to make LSO calls as if they were "waving” the aircraft. Various
sizes of glideslope and lineup deviations were included in most of the pro-
files. Some profiles had no deviations. Only a portion of each approach was
shown because the image could only be displayed while within a limited area
defined by the position of the fixed target projector. The start ranges for
the approaches varied between about 4000 and 2000 feet from the ideal touch-
down point. Each approach terminated on LSO call or at about 1500 feet if no
cail were made by that range. Glideslope and lineup dev:.ations varied between
iarge, medium, small and none. If no call were made by the sub;ect during an
approach, he was asked whether he perceived any deviation at termination. At
the end of the study, subjects filled out gquestionnaires and were interviewed
by another senior LSO who assisted in the experiment.

Analysis of the experimental data in Appendix B revealed that field of
view size had a statistically significant effect on LSO performance in detect-
ing deviations, but not on making calls. It appears from inspection of Figure
B-4 in Appendix B that best LSO performance was with the medium size field of
view. There were quite a few incorrect detections by the subjects. Some were
in terms of false alarms (saying there was a deviation when none existed).

The overall probability of a false alarm was over 30 percent. Others involved
errors in the direction of deviations (high versus low and right versus left).
The glideslope error rate was five percent, and lineup was three percent.

Several confounding aspects of the experiment were noted by the authors,

gsome of which were confirmed through questionnaire and interview responses.
The LSO task of the subjects was somewhat unrealistic in that aircraft flight
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dynamics did not include roll or actitude changes. Deviations were smoothly
depicted by a straight line vector. Both factors were caused by system con-—
straints in the control of aircraft aynamics. Tiecr.: were criticisms of LSO
task context in that the approach did not continue to touchdown, thus pre-
cluding approach results; feedback, and there was no engine noise. There were
strong criticisms of aircraft image quality (reso.ution) and the "fuzziness"
of the background scene. The size of the aircraft innage relative to range was
guestioned by the subjects (they felt it was too small). However, a double-
check of dimensions confirmed the sizing to be correct. 1In rating realism, on
a scale of 1 to 5 (where 1 = unrealistic and 5 = very realistic) the back-
round scene was rated .t slightly less than 3 and the aircraft image was
rated at 3. There were also complaints about the small time frame of several
approach profiles. Some were as short as 3 - 5 seconds prior to termination.

There were several other noteworthy comments from the subjects. Only
half of the subjects felt that field of view variations affected their ability
to wave the approaches. The subjects were also asked to rate the adequacy of
the field of view variations for LSO training. On a scale of 1 to 5 (where
1 = inadequate and 5 = adequate), wide was rated at 4.5, medium at 4.2 and
narrow at 3.2. There were no “"inadequate” ratings given by the subjects. A
few of the subjects who had seen the LSO Reverse Display felt that AWAVS image
resolution was significantly poorer. However, they liked the openness of the
AWAVS display area which permits two LSOs to view the scene. They felt that
this was an advantage for LSO team training. All subjects agreed that a
sophisticated visual simulation, as demonstrated by AWAVS and the LSO Reverse
Display, would be beneficial to LSO training. This is in agreement with Hooks
and McCauley.3., With regard to an LSO training system application, the size
of a projection system l:ke AWAVS appears to be a potential disadvantage in
terms of facility requirements.

The implication of the data and commentary provided in the paragraphs '#
above is that the experiment did not successfully answer the question of
visual system field of view requirements. However, the experience of workiag
with AWAVS leads the authors to feel that its projection system is less desir-
able than a direct-view CRT system such as that incorporated in the LSO
Reverse Display. The primary factors in this opinion are the resolution
limitations, relatively high procurement costs and extensive facility require-
ments of a large-screen projection system.

3. J.T. Hocoks and M.E. McCaulley, Training Characteristics of LSO Reverse
Display, Technical Report 79-C-0101-1, NAVTRAEQUIPCEN, {in press).
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SECTION IV
CONCLUSIONS

The authors conclude that an automated LSO training system is a fe.sible
concept. The term "automated LSO training system" implies a stand-alor:
1nteractive system, consisting of high fidelity night visual simulatior,
automated speech recognition and software control of instructional situations.
It does not imply an automated adaptive capability; that question remains
unresolved. Subsequent paragraphs of this section discuss this and other
conclusions which evolved from this study. The initial discussions address
general LSO training svstem concepts and the final discussions address the
laboratory system.

LSO TRAINING SYSTEM CONCEPTS

Support for the automated LSO training system concept mentioned above is
based on several factors. It appears that IES utilization has proved the
capability of LSO training system concepts for basic skill acquisition. The
results of LSO Reverse Display evaluation, as reported by Hooks and
McCauley4, appear to support LSO training system benefits to higher level
s<1ll acquisition such as "waving" under pitching deck and Manually Operated
V:sual Landing Aid System (MCOVLAS) conditions. Though IES was a relatively
crude representation of a sopiisticated automated LSO training system, there
were positive indicaticas of training effectiven:ss potential in this study:
receptivity of subjects to its interactive decis.on-oriented training merits
and their task performeice improvements in a limited training period, espe-
cially in their grasp oI when to use the "waveof f" call. From a system devel-
opment stardpoint, a potentially effective level of training capability was
produced in a very constrained developmental environment (hardware and cost
limitations). Therefore, greatly improved system effectiveness over that of
IES is a reasonable expectation for a normal training system development situ-
ation. As reported by Hooks and McCauley, an adequate visual simulation capa-
bi1lity has already been s .ccessfully demonstrated in the LSO Reverse Display.
Although experimentation .ith AWAVS did not resolve visual simulation require-
ment uncertainties, it dié provide insight into some of th: limitations of a
prcjection visual system to an LSO training application. The autchors also feel
that it is reasonable to anticipate that, with adequate compute. resources,
software control of situation presentation and LSO iateraction can reach
significantly nigher instructional levels than those orovided by I1ES.

Although speech recogniticn difficulties were encountered with IEES, the
problems (non- optimized threshold parameters and absence of context VDC) have
been ider.tifiec¢ and their resolution is feasible.

Based upon this study, as well as pre iminary result: from the LSO
Reverse Display evaluation, there appear t> be several fu.ctional aspects of
an operatio.al automated LSO training syst :m which are ne ded for training
effectiveness:

® »rovisions for LSO task interaction

4. J.T. Hooks and M.E. McCauley, Training Characterist cs of LSO Reverse
Display, Technical Report 79-C-0101-1, NAVTRAEQUIPCEN, (.n press).
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® night carrier visual approach scene simulation
® simulation of multiple aircraft types
® pitching deck simulation
e MOVLAS training capability

® ‘“canned" or interactive preprogrammed approach scenario provisions to
support specific learning goals

® graphic cueing aid(s)

There are also several functiocnal aspects of an operational automated LSO
trai.ing system which remain questionable. Some of the more important
inciude:

® day rcarcier visual approach scene simulation
e automated adaptive syllabus control

e automnated performance evaluation

e Dbackyround sound simulation

e visual system fieid of view size

Later this report will present recommendations regarding resolution of
trese and other system design uncertainties through the development and
“esting of a prototype automated LSO training system. Appendix D delineates
the recommended featues and capabilities for the prototype system, several of
wnich are intended to aid in the resolution of operational system design
uncertainties.

Based on study results, there also appear to be several LSO training sys-
tem alternatives which singularly, or within a "family of training systems”
cnoncept, can increase LSO training program effectiveness. Table 6 outlines
e alternative:. The paragraphs below describe envisioned capab iities,
propable limi-ations and the estimated level of LSO skill acquisition for
which each system is appropriate.

Alternative [ is a demonstration system incorporating the Iiynamic presen-
tation »f approack situation scenes, possibly tarough movies, within a crudely
s:mulated Lof wirkstation. This would essentially vrovid: jod famililarization
to LSQ trainees and wou.d be a tool appropriate on.y o Phase I trainiung.
Alone, it woulid have only minimal impact on LSO trai.ing program
eifectiveness.

A torrat.ve I1 0L an 1ateractive part task trdining svsten, c.omilar to
tre laborcatory L3530 “ra.nisg svsczom (1ES; deve.oped during this study, but with
ernhanzed capabhilitieg e enhaicements would consist of improved speech
recognitior and ~orfornance feedoack plug an increase in the number of

approach s8ituaticis presented and their related voice calls. The instruc-
tional orienta-zion of this device would be toward basic LSO decision~making
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TAB .E 6. LSO TRAINING SYSTEM ALTERNATIVLS

—
|

Demonstration:

II — Part Task:

I1I — High Fidelity Part Task:

IV _ Modified LSO Reverse Display:

v — Universal LSO Trainer:

VI — Universal Adaptive LSO
Training System:

37

non-interactive

approach scene "movies"
work station representation
LSO job familiarization

interactive

enhanced version of laborat»>ry LSO
training system

basic decision skills

interactive

enhanced laboratory ISC training
system

basic deacision skills

basic p:rceptual ski.ls

interac:ive

additicaal canned anproaches

multiple aircraft t/pes

instructor control of aircraft with
"joystick"

Phase III LSO training support.

interactive

night scene

multiple aircraft types

computer control of situations

speech recognition

Phase III and refre:.zer training
support

interactive

night scene

multiple aircraft types

~omputer control of situa .ions

speech recognition

performance evaluation

adaptive logic

instructorless training

Phase III and refresher training
support
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saillv. Al one, this system shculd have a positive impact ¢n LSO & - :ning pro-
Jram effectivencss by minimizing irstructional attention to decision-making
pasics during on-the-3ob training (GJT). It ,nould also be an effective Phase
I training complement to the demonstration system mentioned earlier.

Flternative IT7T 18 s:s0 an intevactive part task training system. The
Tent Over Altersative 11 12 the wnoorporation of a high fidelity
simulacion similar to that of the LEO kevarse Display. A single
ft, such as the A7, would be reilistically simulated, thus
witional attention to verceptus! as well as decision skills.
outd be heneficial to Phase I triinine.  If located at multiple
iz should alss provice limited s.pport ¢ Prase 11 and Phase ITL
craining. It wouid also have sufficient capanilities to support additional
rezearch into L30 training system concepts.

Alternazive IV 15 a modified version of :ne Ls) heverse Dispiay. LSO
iba 0 action, with the pilot rlying the 478 Nicht Carrier Lancing firainer
£ 13
' Lo be However . .Lastructiona. control of situation presen-

Tion woulrd be wnhanced througn 4n 1ncredse in the number of canned

Lhrough ingstructor conwrol of aircraft dyramics with
a ”joystch-" The scope orf traininyg would be increas 4 through the simulation
of aircraft. This system should proride effective instruc-
or a significant amcunt of Phase III LSO training. It may
icial in refresher LSO trainiag.

5>f muitiple typ
t

IR O

TIOMAL SUppor
a.30 prove benefd

avtomated, interactive, stand-alone and universal LSO
de a night carrier approach scene similar in fidelity
ay. Cther functional similarities to A.ternative IV
Loorxiede mulriple airzraft simulation, "joystick" and computer c¢ortrol of situ-
ations and sgpeech recognition. Since it would be an original development,
wisn more receni technologies than those in the L3O Reverse Display, the

: ¢ the system wculdl be more responsive to LSO training and

A=)
~o T LEG reverse Disp

L r : . ceruirements based on "iessons learned" from L3O Reverse
Jiopley utio izaticn.  This system should support Phase III and refresher LSO
tratning and worla iikely support limited "instructorless" LSO trainee
1ctice exarcises. It would also sapport LSO training reseacsch due to its
coilecticn

-
1

Ls an expansion of Alternative V to include auomated per-
and adaptive syiiabus cortrol. These features would
~oading and permit instructoriess training for selected seg-

T L r.ng. nticipated limitations to the scope of instructorless
£rlning are “aioa 07 current uncertainties regarcing knowledge or va.oil r-

cormance twasur ts Lordugnout the range of LSO skillsp, and the unproven ctatus
2F adayt.ve iastructicrel techniques for compiex skills, such as those of

Lo Ahis svllem snou.d provide support to Phase 127 an. refresher LS50 train-

24celiort todr for resedar bownto Lo Losd poeoe

[SPETNIETES RN Tl oaoeRtoemo v gL
Larinental Hrotityne LoG traln.nd systeld woilh
xing utdence for wiiwither more 2 neecced and

really required.

There aJ. weveral factors related to decisions regard.ng the procurement
items such as those described above. Subsequent paragraphs
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flscuss tne factors caontitied an the course of this study.  The tactor: are
also outline o 1, Table 7.
TAl LE 7. PROCUREMENT DECISION FACTORS
Cost: development
facilities
maintenance

student population

Training er ectiveness: acceleration of LSO training
accident prevention

Accessibiliuy: siting
timing of utilization
traval funding

Utilization: training program management
instructor availability
user attitudes

One of tne major concerns of high-level Navy personnel is LSO training
system{s) cost. A highly sophisticated automated LSC training system has a
multi-million dollar cost potential just for initial procurement. This
includes system design, development, testing, as well as availability of
adequate supporting facilities. Additionally, there¢ are long term maintenance
cost considerations. This includes maintenance of system operating capabili-
ties plus periodic update of system training capabilities and training p-rogram
plans in response to changing LSO training needs. Concern has been exprzssed
for the costs mentioned above, in view <f£ the small size of the Navy's L30
population. There are approximately 300 LSO billets in the Navy, of which
about one~third (20-100) are filled with trainees who are working toward the
productive skill level of Wing LSO.

In contrast to cost concerns are considerations for LSO training program
effectiveness. Shortages of skilled LSOs «ontinue to exist in the fleet.
Pilot retention, curtailed carrier operaticons, and the lengthy and inefficient
LSO training process continue to be the major causes of this d fic:i:eancy.
Concerns cecntinue to be raised regarding the actual skill levels cf experi-
enced LSOs, wany of whom have had very limited exposure to demanding aspects
of the LSO job such as pitching deck, MOVLAS, aircraft malfunctiors and
stressful operational situations. Only the LSOs operating aboard the USS
Midway, stationed in Japan, have the opportunity for continual exposure to
extensive carrier landing operations over a three-year tour of sea duty.
Others are exposew to lengthy periods of inactivity between deployrnents and
carrier lianding op=rations while deployed. &An LSO training system can supple-
Tent on~the-jodb training with interactive, instructicnally-contzcl . ed “"waving"
experience. The authors and many experienced LSOs feel that sucn a system has
tre potential to accelerate basic skill acquisition, tl.:s enabling a trainee
te "get the pickle" earlier in his shipboard training p:ogram. The potential
for increased experience with complex waving situations 1s another positive
fator in support of an LSO training system. Improvements in carrier landing
sarety appear to be potential benefits frcm effective LSO training system
utilization.
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Accessibility to an LSO training system is a practica! consideration
wiich nas significant cost and training effectiveness implications. Limited
access to a training system, regardless of its effectiveness, minimizes its
value. 1In “he case of LSO training, timeliness of LSO training system
atilization would be a very important training program eff:.ctiveness factor.
The trainee should have access to the training system duriag FCLP work-ups and
in close time proximity to carrier operations, in order to maximize transfer
of skill acquisition between simulated and actual operating environments. The
L30 populat:cen in the Navy has a wide geographical spread, encompassing five
separate tfl.et population centers, as well as several Naval Aviation Training
Command locations. Limiting the locations of an LSO training syster, while
Keeping procurement costs down, causes difficulty in providing timely access
for some trainees and increases travel funding requirements for systenm
uatilization. Additionally, there are LSO hardships to be considered. LSOs
typ.cally s;jend more time away from home during FCLP and carrier work-up
periods thar. cther fleet squadron pilots. Over two-~ thirds of all LSO billets
and nearly all trainees operate from five fleet areas: Norfolk, Jacksonville,
San Diego, Lemoore and wWhidbey Island. Of these, the Norfolk (NAS Norfolk,
NAS Oceana), San Diego (NAS Miramar, NAS North Island) and Jacksonville (NAS
Cecil Field) have the largest LSO populations and therefore appear to be the
most promising locations for LSO training systems, if limited systems were to
be procured. Although Norfolk (about 70 LSOs) and San Diego (about 60 LSOs)
have higher populations than NAS Cecil Field (about 50 LSOs), the LSO Phase I
School at NAS Cecil Field is a favorable factor for that location. On the
otner hand, NAS Cecil Field already has the LSO Reverse Display device for
limited support to LSO training. Procurement costs for five gystems would be
higher than fur a single system, or for one system on each coast, but the
tradeoffs between cost and training effectiveness are not as clear.

Another major consideration is training system utilization. A key factor
1n effective utilization would be training program management. The primary
roles of marnagement would include encouragement (or direction) of appropriate
cates of urilization, monitoring of training system effectiveness, and
~mplementation of training program and system revisions responsive to fleet
aeeds. The recently established position of LSO Training Model Manager for
*nhe Phase I Schocl Officer-in-Charge provides a vehicle for effective program
Tanagement. The availability and motivation of instructor LSOs ro conduct LSO
training system .nstruction are other factors in effective system utiiization.
Alr Wing Staft L:ls must be encouraged to utilize the system as an integral
part of their ¢treining programs. Overall user (LSO and trainee) acceptance
of LSO training syscem consepts 1s another important factor in effective
system utilization. Since LSO trainees typically are very highly motivated
rnaividuals, the.r attitudes toward a training system will be strongly
.ntluenced by whe artitudes of experienced LSOs. The nositive receptivity of
trainees to instruction, coupled with positive instructor attitudes, arc very
important ingredients to LSO training system effectiveness. Thus, promotion
nf positive user 2ttitudes is an impcrtant system procurement cons:leration.
Developrment and thorough testing of a prototype LSO training system would be
41 important step in building training system credibility for the LSO
Lommunity.
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LABORATORY LSO TRAINING SYSTEM

The authors tentatively conclude that, with significant enhancement, the
laboratory LSO traininc system could be a beneficial addition to Phase I and
Phase II LSO training &s a part task training system. 70 meet this expecta-
tion improvements woul:. be needed in speech recognition, scope of decision
skill coverage by training scenarios and performance evaluation, and ease of
instructor operability. The primary support for this conclusion was the sub-
jects' high level of receptivity to the automated LSO training system concepts
of interactive, decision-crientated training. Additional experimental utili-

zation of the laboratory LSO training gystem would be required for confirma-
tion of its potential value.

The authors feel that this part task training concept falls far short of
the training needs of the LSO community. Thus it should primarily be viewed

as a relatively low-cost alternative to the prototype automated LSO training
system discussed earlier.
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SECTION V
RECOMMENDATIONS

Recommendations resulting from this study are concerned with a proposed
procvotype LSO training system, its features and its utilization. Research to
date has been unable to quantitatively justify an automated LSO training sys-
tem as a cost-effective improvement to LSO training. Based on the results of
developing and exercising a laboratory LSO training system, the concept has
oroved feasible. Support for the concept from LSOs during this and other
NAVTRAZQUIPCEN research programs indicate that such a concept can have strong
positive impact on reducing the time required for LSO sxill acquisition and on
increasing the level of skill acquired. Thus, it is recommended that a proto-
type, automated LSO training system be developed for experimental validation
and refinement of this <oncept, while, at the same time, providing support to
the LSO training program.

Tne results of prototype system utilization should provide valid reso-
Tution to several major areas of uncertainty:

a. Is an automated LSO training system, a cost-effective enhancement to
LSO training?

b. What features are actually required in such a system?

c. How should the system be employed for most effective support of LSO
training?

d. How many systems are needed, and where should they be located?

Additionally, the authors feel that an automated LSC training system
design oriented to the questions above would also be us<ful for continued
research into future apnlications of automated speech technology and adaptive
instructional concepts. Relevant issues include performance evaluation for
complex speech-oriented jobs, instructorless training, and perceptual and
decisinn skill acquisition.

Associated with the LSO training system questions presented above, are
sevaral recormme:ded specific lines of inquiry to be addressed by the prototype
system. The gueszion of st-effectiveness must first include a study of pro-
totype LSO training system effectiveness. The subjective assessments of
potential treéininc benefits for the LSO training system concept, which have
resul<ed from this study, must be objectively confirmed prior to subseguent
studies. A study of training transfer from the prototvrpe system to FCLP
operations or preferably, to the carrier environment, is the recommended
courgse of action for this confirmation. 1In conjunction with such a study, the
levels of LSC 3kill acquisition, for which the traininj system concept can be
appiie.d, must be validated. This is necessary in order to ensure relevant
instruntional orientation fo.o subsegquent lines of inquiry. If *“raining system
defini:nces arec uncovered, the system or the methods of its «m; .oyment must be
succes; ;fully modified prior to tne pursuit of any other lines o7 inquiry.

With regard to potential requirements for an operat:onal L8O training
system, there are several recommended areas of investigation. (me area to be
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addressed is the potential interference to gpeech recognition from engine and
background noise in the student station of an LSO training system. Another is
to determinc effec:ive voice data collection techniques which can provide
adequate recognition in stressful waving situations where voice character-
istics may pe sign.ficantly altered.

Determination of required visual simulation field of view should also be
pursued since it has a significant influence on system costs. An experiment,
such as the one attempted in this study with AWAVS, could be useful in this
line of inquiry.

Actual instructor LSO activities while employing the training system
should be analyzed for the determination of needed instructional support fea-
tures and to identify th= most effective instructional techniques and strate-
gies. This type of study should also provide data to support the development
or refinement of adaptive training logic.

The system should also be employed in the collection of skilled LSO and
trainee task performance data to support validation of performance measures
and refinement of automated performance evaluation concepts. LSO task per-

formance data from earlier studies should also be employed in this effort.

Where to locate a prototype LSO training system is an important procure-
ment question related to effective system utilization. Availability of suffi-
cient LSOs and trainees for system evaluation studies is one factor. Another
factor is availability of dedicated personnel for coordination of LS)s and
syscem utilization, as well as to provide continuity of user (1LSO) iavolvement
with the studies. Since the LSO Phase I School and its staff have relocated
to NAS Cecil Field, that location is recommended for the gystem. Thre LSO
population for NAS Cecil Field is reasonshly high and the LSO Train.ng Model
Manager and his staff can provide the personnel continuity required NAS
Miramar and NAS Oceana are also acceptable locations due to their h.gh LSO
population.

The recommended characteristics for the optimum experimental prototype
LS( training system are quite extensive and are outlined in Appendix C. These
ch¢ racteristics coincide with the description of Alternative VI presented ear-
licr in the report. It is recommended that consideration be g.ven to a
twr -stage prototype system procurement. The first stage would involve the
development and testinc of the Universal LSO Trainer (Alternative V) described
earlier in this report. Utilization of this system could provide answers to
many questions concern:ing operational system procurement requirements. Utili-
zation of this system': data collection capabilities could also provide a
quantitative foundatior for the identification of effective performance evalu-
ation and syllabus control strategies. The second phase would involve the
implementation of automated performance evaluation and adaptive sy.labus
control capabiiities. The advantages of this recommendation include mini-
mizing costs and time involved with acquiring an LSO training and research
tool and reduction in the risks associated with development of automated capa-
bilities for performance evaluation and adaptive syllabus control.
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APPENDIX A
IES SCENARIOS
TRAINING SCENARIOS

THE FOLLO'ING SCENARIOS ARE DESIGNE! FOR TRAINING SUBJECTS TO MAKE
"APPROPRIATE" VOIC'E CALLS FOR VARIOUS TYPICAL AIRCRAFT APPROACH DEVIATIONS
IN GLIDESLOPE, LINE-UP AND AOA. THE "APPROPRIATENESS" OF VOICE CALLS TO
VARIOUS AIRCRAFT STATES IS BASED ON A SIMPLIFICATION OF AN L.sO BEHAVIORAL
MODEL. ACTUAL CALLS ELICITED BY THESE SCENARIOS ARE DEPENDENT UPOY TRAINEE
ACTION DURING THE APPROACH. IN OTHER WORDS, THE ACTUAL PROFILE FLOWN MAY
DIFFER FROM ITS DESIGN DUE TO THE TIMING AND CORRECTNESS ASPECTS OF TRAINEE
CALLS. THE DESCRIPTIONS BELOW ARE PROFILE DESIGNS WHICH MAY ONLY OCCUR IF
THERE IS NO TRAINEE INTERACTION.

1. SCENARIO 001LT

HIGH DEVIATION, START RANGE ZONE ELICITING THE CALL, "YOU'RE HIGH"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA IMMEDIATELY STARTS A DEVIA-
TION TO THE VERY HIGH GLIDESLOPE ZONE

2. SCENARIO 002LT
LOW DEVIATION S7”ART RANGE ZONE ELICTING THE CALL "YOU'RZ LOW"

AIRCRAFT STARTS (N GLIDESLOPE, LINEUP, AOA IMMEDIATELY STARTS A DEVIA-
TION TO THE LOW GLIDESLOPE ZONE

3. SCENARIO 003LT

RIGHT LINEUP DEVIATION; START RANGE ZONE, ELICITING THE CALL "YOU'RE
LINED UP RIGHT"

AIRCRAFPT STARTS ON GLIDESLOPE, LINEUP AOA IMMEDIATELY STARTS A DEVIA-
TION TO THE RIGHT ZONE

4. SCENARIO 004LT

LEFT LINEUP DEVIATION, START RANGE ZONE, ELICITING THE CALL, "YOU'RE
LINED UP LEFT"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA IMMED'IATELY STARTS A DEVIA-
TION TO THE LEFT ZONE

5. SCENARIO O00S5LT

HIGH DEVIATION, IN THE MIDDLE RANGE ZONE ELICITING THE CALL "YOU'RE
HIGH"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS A DEVIATION TO THE
VERY HIGH ZONE IN THE MIDDLE

P N st
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SCENARIO 006LT

LOW DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE
LOW"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, ACA STARTS A DEVIATION TO THE LOW
ZONE IN THE MIDDLE.

SCENARIO 007LT

RIGHT LINEUP DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL
"YOU'RE LINED UP RIGHT"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS A DEVIATION TO THE
RIGHT ZONE IN THE MIDDLE

SCENARIO 003LT

LEFT DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE
LINED UP LEFT"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS DEVIATION TO THE LEFT
ZONE IN THE MIDDLE

SCENARIO 009LT

SLOW DEVIATION 1IN THE MIDDLE RANGE 20NE, ELICITING THE CALL "YOU'RE
SLow"

AIRCRAFT STARTS CN GLIDESLOPE, LINEUP, AOA CHANGES TO SLOW AOA IN THE
MIDDLE

SCENARIO 010LT

FAST DEVIATION, IN THE MIDDLE RANGE ZONE, ELICITING THE CALL "YOU'RE
FAST"

AIRCRAFT STARTS5 ON GLIDESLOPE, LINEUP, AOA CHANGES TO FAST A.A IN THE
MIDDLE

SCENARIO 011LT
HiIGH, FAST DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVLOFF"

AIRCRAFT STAXTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO FAST ACA AND
STARTS DEVIATION TO VERY HIGH ZONE IN CLOSE.

SCENARIO 012LT

LOW DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "POWER"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO SLOW AOA AND
STARTS DEVIATION TO THE LOW ZONE IN CLOSE.
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SCENARIO 013L7T
LOW, SLOW DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA CHANGES TO SLOW AOA AND
STARTS DEVIATION TO THE LOW ZONE IN CLOSE

SCENARIO 014LT

LEFT LINEUP DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "RIGHT
FOR LINEUP"

AIRCRAFT STARTS ON GLIDESLOPE, LINE'P, AOA STARTS DEVIATION TO THE LEFT
ZONE IN CLOSE

SCENARIO 015LT

RIGHT LINEUP DEVIATION, IN CLOSE RANGE JONE, EL 'CITING THE CALL "LEFT
FOR LINEUP"

AIRCRAFT STARTS ON GLIDEST.OPE, LINEUP, AOA STARTS DEVIATION TO RIGHT
ZONE IN CLOSE

SCENARIO 016LT
HIGH, RIGHT DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVEOF!'™

AIRCRAFT STARTS ON GLIDESLOPE, LINE-UP, AQOA: STARTS DEVIATION TO THE
VERY HIGH AND RIGHT ZONES IN CLOSE

SCENARIO 017LT
LOW, LEFT DEVIATION, IN CLOSE RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE. LINEUP, AOA STARTS DEVIATION TO THE LOW
AND LEFT ZONES IN CLOSE.

SCENARIO 018LT
HIGH DEVIATION, AT RAMP RANGE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, AOA STARTS CEVIATION TO VERY HIGH
ZONE AT THE RAMP.

SCENARIO 019LT

LOW, DEVIATION, AT RAMP RANSE ZONE, ELICITING THE CALL "WAVEOFF"

AIRCRAFT STARTS ON GLIDESLOPE, LINEUP, ACA STARTS DEVIATION TO THE LOW
ZONE AT THE RAMP
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RIGHT DEVIATION, AT RAMP RANGE ZONE, ELICITING THE CALL

AIRCRAFT STARTS ON
ZONE AT THE RAMP.

21. STENARIV (G21LT

LIFT DEVIATION, AT

A LRCRAFT STARTS ON
ZONE AT THE RAMP

ra
[}

SCENARIO 022LT

= IGHT DEVIATICNS:

No CALLS EXPECTED

23. SCENARIO 023LT

SL_LIGHT DEVIATIONS

ND CALLS EXPECTED

24. SCENARIO 024LT

SLIGHT DEVIATIONS;

NO CALLS EXPECTED

25. SCENARIO 225LT

SLIGHT DEVIATIONS,

NO CALLS EXPECTED.

26. SCENARIO 32<L7

SLIGHT DEVIATIONS,

NC CALLS EXPECTED

« '« SCENARIOD 0N27LT

SLIGHT DEVIATTONS

N CALLS EXPECTED

GLIDESLCPE,

RAMP RANGE

GLIDESLOPE, LINEUP, AOA STARTS DEVIATION TO THE LEFT

LINEUP AND

GLIDESLOPE

LINEUP AND

GLIDESLOPE

LINEUP AND

GLIDESLOPE

LINEUP, AOA STARTS DEVIATION TO RIGHT

ZONE, ELICITING THE CALL

’

o
£e

(DESLOPE

AND LINEUP;

GLIDESLOPE;

AND LINEUP;

GLIDESLOPE;

AND LINEUP;

50

START,

START,

START,

START,

START,

START,

MIDDLE

MIDDLE

MIDDLE,

MIDDLE,

MIDDLE.

CLOSE

"WAVEOFF"

"WAVEOFF"

CLOSE

CLOSE
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ro

. SCENARIO 028LT
SLIGHT DEVIATION: GLIDESLOP . AND LINEUP; START, MIDDLE, CLOSE
NGO CALLS EXPECT™D
29. SCENARIO 029LT
"CKAY" PASS (ON GLIDESLOPE, LINEUP, AOA THROUGHOUT)
MEDIUM PILGT DEVIATICNS WITHIN TJE "ON" ZONES
NO CAILLS EXPECTED
30. SCENARIC C30LT
"OKAY" PASS (ON GL:!DJESLOPE, LINEUP, AOA THROUGHOUT)
VARIED PILOT DEVIATIONS WITHIN THE "ON" ZONES
NO TALLS EXPEITED
TZSTING SCENARIOS

TRE POLLOWING SCENARICS ~RE DESIGNED FOR TESTING THE GENERALIZABILITY OF
SIMPLE "WAVING" SKILLS AZQUIRED WITH LAB TRAINING SCENARIOS TO MORE COMPLEX
"WAVING" SITUATIONS. THE SCENARIOS ARE BASED ON "TYPICAL"™ ERROR TREND
PROFILES, SEVERAL OF WHICH CAN LEAD TO RAMP STRIKES AND BOLTERS IN ACTUAL
OPERATIONS.

ACT AL CALLS HELICITED BY THEZE SCENARIOS ARE DEPENDENT UPON TRAINEE ACTION
DURING ThZ APPROACH. IN OTHER WORDS, THE ACTUAL PROFILE FLOWN MAY DIFFER
FROM TTS DESIGN DUE TG IHE TIMING AND CORRECTNESS ASPECTS OF TRAINEE CALLS.
THE DESCRIPTIONS BELOW ARE PR)IFILE DESIGNS WHICH MAY ONLY OCCUR IF THERE IS
NC TRAINEE INTERACTION

1. SCENARIC 331'PT
LINED U2 A LIT LE RIGHT AT START
LINED 72 RIGhT IN MIIDLE, IN CLOSE
LTNED 2 LEFT +T RAMP

2. SCENARIC (0227

SLOW IN MIDDLE, LOW IN MIDDLE
LOW, FAST IN L SE, AT RAMP

3. SCENARIO v03pP7T
LITTLY HIGH 5TART

HIGH IN MTUCLE
LOW AT RAMP

51




w

~d

NAVTRAEQUIPCEN 78-C-0151-1
SCENARIO 004PT

LITTLE HIGH IN MIDDLE, IN CLOSE
LOW AT RAMP

SCENAR1IO COSPT
LITTLE LOW, LINED UP RIGHT AT START, IN MIDDLE
LOW IN CLOSE ON LINEUP CORRECTION
LOW AT RAMP

SCENARIO 006PT

LITTLE LOW AT START, IN MIDDLE
HIGH, FAST IN CLOSE, AT RAMP

SCENARIO 007PT

LITTLE LINED UP LEFT IN MIDDLE
LINED UP RIGHT IN CLOSE, AT RAMP

SCENARIO 0OO8BPT

LOW AT START, IN MIDDLE
LOW, SLOW IN CLOSE, AT RAMP

SCENARIO 009PT

LITTLE HIGH IN MIDDLE

SLOW IN MIDDLE

LINED UP RIGHT IN CLOSE

LOW, LINED UP RIGHT IN CLOSE, AT RAMP

SCENARIC 010PT
LINED UP LEFT AT START, IN MIDDLE

SLOW IN MIDOLE
LOW IN CLOSE, AT RAMP

52
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GL Rate now cabily sou were able to dertect deviatlions L, range zones:

1o ovel. cdny 3 = siightiv daffic . ic
o= fal:iy easy 4 = very drfficult ur ropossible
{leave blank LI Ot applicaole this session)

Start Niddle tlose Ramp

SO iTUdTLUOn and volce o

1l compinations di1d you feel you learned
ring training sessicn? which do you feel you learned least? 4
K vour top two bests with Xs dnd your bottom two leasts with Os)

4t start --- "vou're high/low”

rignt/left at start --- "you're lined up right/leftr”
inomaadle --- "you're high/low”

right/left in m:ddla --- “"you're lined up right/ler:" 1
ast/s5.ow in middle --- "you're fast/slow

nign 1y close =--~ "you're high"

luw 6 zlose --- “power”

n=d up right/left in close --- "left/rignt for lire up"
Z.ise === "power"

AT ramp --- “wavect
Tinwed ap ghit/left at rawp ~-- “waveocf:i"
fast/slow at ramp --=- "waveofy”

;noand fast in close --- “wavecff"

Low and 320w 1n close --- "waveoff"
lose === "waveoff"”
--- "wavecff"

anout thas
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Jaene Caestions art concerned with the totoal expeliMent .

rate

oow well oy learned the experimentel LSO ski

n1gh and rdast 1N ClQGSe =m—---—me—eeo—o o~ WAVEOFF

low 1o middle ~===- e e ———— -  YOU'RI Liw

520w 1n MuGdle =ecmmmem e

sinec up right in <lose
513h At Yafp —-—me-tmemmmm—————

LOW 1N Ciuse ——=e==

fast .in m:ddle

Zined up ieft in maddle -- YOU'RE LINED UF LIPT

lined up right av ramp ------- S ===« WAVEOF?
.ow and 510w in Close =--mmemm;emeeea ~-cw-== WAVECFF
sined up right at Start -~-—-escccocceaao ~==  YOU'RE LINED U7 &.45H7

.ow ard lined up left in ClO8¢ ~=we—meee—w- WRVECFF

lineé¢ upr right in midéle -~—-emceemmmanaaaa

agn and llned up right 1n CLOSe ~—w=w-

WAY

nigh sStary -~e---- e es e o——— bttt -~ YOU'RE

lirec up left at ramp ---—=————cmmmmmme WAVEOFF

i Tals aDOVe rate how well you learncd each s.tuat:” . _a.l
sZapination.  Use tre scale delow:

very well

D= onov Lure Lif learned
4 = probably not learned

, = delinitely not learned

5%

- - T ———— T, . A—— =
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After going tnrougl this experimental LSC training program, do you feel
~hat you actually have a better conceptual understanding of the LSO's
"waving” job? If yes, do you feel that using the experimental
system was the major factor in your learhing experience (as opposed to
picking up "waving" concepts througl briefings and discussions this
week) ?

Do you think this system would be an effective part of introductory LSO
decision training? why/why not?

what suggestions do you have for improving the conduct of this
experiment?

Any other final comments?
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Procedure: Feom (v e L80's polnt Of View THe X er . cnca. Casf P
recemrie the waving tanex he Ler o:rms whiie Assiol i, Lok ontre . gl
crafs landinis.  The LSO will observe the a LAttt o o Ut AL s A
Take Calls that tndicare ls persention G oa 1ey gl ool 0 date et

this sltuatlon the dircraft wili beqgin devidat.ne, o0 1 o dea. L tn e ol
continue to Jdeviate unniL 1) tre LSU mak-::s a oa. S I S
a pre=delined zone boundary.  when eltner o: Ut s owi,

gisnlay will nlank Yor five se-onds. rFoilow.., . . 1 [ Sl .
res e the approach from tre zone poundary amt Tor ' e [P _—

A0 urTher 1arge Lovianiong CUTOm The L. e L e 0 .

aelay aiter an approach hdas weern completed octure * e Ge€x' oo fo.a

Taus the LSO's task is tu observe the displav ana Si. - ar annd Doat .

The subiject's performance will be assessed 5 T o Too o, o tuva .
cal. and when the call is made. In addit cn, e L cevr ow. . e RIS
as to the reasons for his calls, his sub et ive .moress. rs 00 T o oo o
etc. We would also Like to monitor the sub ,~Ct's wye Movomen s, e e -
t of wiren the call 13 made shoulad Lecin wiel Tooe L lal v ginnoant e
the onsen of tha response. The resSpoase Meanis s o s Gul . De L. trne m.
s:cend level to alliow for an accurate COMPAris . Le woon <roups and 30¢ 1.
assegsment of The appropriate aircraft paramet-rs<.  Tae Use ST oA VIiTe 4 0 -
vated switch will facilitate the meesurement ¢f the timing and recorti.rq

v o~

thne recoonse. When an aporoach is completed the 137 will be asked 2 few ner-
tinent questions concerning the approach. Ten seconds later ©ne nevMr a;
negins and the process 1s repeated The 1teration continues oI Swenty a;-
psocaches. Of these twenty approaches, ten feature ar aircraft representa o-
“rom *he First level of detail and ten from the second levei. The crier .. ¢
oresentation of these various aircraft representations is to be rancom w.th.a-
replacement.

e twenty trials, the call range variable 1is manipulatced with Tour
epresencing each zone. The remaining four approacches wili De rat.
the deviations that occur are slight and are not expected to

2licit a ca&ll from the LSO. The order of presentation of these trials 1
he random, again without replacement. Of the four trials for each range :zone,
*wo are to be with the finely detailed aircraft reprasentation and two with

sre aircraft" representation. The same type of arrangement . cxpectod
for the catch wrilals.

Py

mw

Logroup of T constitutes a session and each sess.aon .s ruy under

s.anie level or vossiution. A single sublect will oe expooted O owav: ive
consecutive sesiions.  Thagse five sessions will e referred to as o o.9¢n o
©7iars. The first session in each block 1s a waraup Sess10n to fam.. ar:ce
cask., The warmup se33ion .s$ To D un anduer the sano evel

GF oresolut.on as the fuvst test session 1rn that block. With regari ¢
1 f cf the subjects are to Tecin the test -:5.° 113 at a

trhe L5D wizh <he

s2so0lution Level, one &

after, “he . vel _w to Do

er half at a low level. Therea
nmanipulat:d atross sessions in an ABBA manner for cach subject.

Liyn LiVel ant e oth

varianie must De zalanced with.n subjects arnd a:.zo

“r.a.5. EZachr subject is given four bilocks of trials. Each block of
pe run under elther day or night coaditions. Half the subjects
“2ive day conditinns in the first block and rnalf will receive night

59
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conditions. Thereafter, the order of day/night presentations will e governed
by the ABBA balancing rule. Table C-1 presents a summary of the experimental
procedure.

Subiuects: Six randomly selected LSOs will serve as the subjects for this
ixperiment. The LSOs should have attained at least a Wing LSO designation
level and should be proficient (performed LSO duties within past year).

Apparatus: AWAVS, visual simulation research facility at NAVTRAEQUIPCEN.

Staimuil:  An aircraft representation generated by the CGI portion of AWAVS
v.11 be used as the primary stimuli for the experiment. Two aircraft images
wi1ll be used as discussed above. The set of approach profiles will be de-
signed by Logicon. The background field of view is to be set at its maximal
setting and is to include the carrier deck outline, horizon, ship's wake,
arresting wires and deck markings. The optimum aircraft touchdown point
shouil be within the viewing area.

Method - Experiment 2. Design: Experiment 2 utilizes a fcur variable, ran-
3onizead block design similar to tne design of Experiment 1. Three of the
variables are the same as those found in the first experiment: day/night,
range zone and subjects. In this experiment, field of view is substituted for
resolition and level of detail. The field of view (FOV)} variable is a fixed
variable with three levels of consideration, each corresponding to a specific
informational component. The first level of this variable contains the maxi-
mum amount of referent information including the deck wires, the touchdown
zone, the deck with thz lineup stripe, the deck outline, and the ship‘s wake.
Condition two includes all of the above except the wire and the touchdown
zone. This condition contains information to help the LSO with lineup (the
ceaterline, the deck outline and the wake), but it does not provide informa-
tion concerning the touchdown referent or the feedback from the aircraft
catching the wires. The last level of this variable is the most information-
ally i1mpoverished condition in that only the port aft corner of the ramp and
the ship's wake is available to the LSO. Level three corresponds approxi-
mately to the FOV available in a single CRT visual system and level two ap-
roximates the FOV of a two CRT visual system. 1In all conditions a portion of
the FOV is allocated to the right of the LSOs line of sight to include the

>nip's wake and area of likely aircraft deviation. The experime t will be run
i5ing trne higne st TYesolution AWAVS can muster, and the tarc2t will pe depicted
w1tn the most cevall possible. Figure C~2 graphically presents the design.

Procedure: The rocedure in this experiment 1s similar to the procedures in
Exper.ment 1 in that we are again dividing up the experiment into blocks,
sessions and trials {approaches). This time cach session will include five
approach profiles. These five approaches include one with a deviation in each
of the four range zones and a catch trial with nc significant deviations. The
five trials thai ccnstitute a session will be run uinde a sirgle .2V [ovel.
There will be ten scssicons in @ sihgie Block, one warmup secseion and aire test
z2astons.  Eath plock is run as a day bleck or a night block. The experiment
consists of four blecexks, two night blocks and two day tlocks.

Given that we have twe blocks cach for day or night conditions, and that each
“lock contains nine test sessions, we can completely balance the order of FOV
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TABLE C-1. <LOCEDURL SUMMARY FCOx EXPERIMENT

Ao Haperwment 1 = 4 blcrks «f trials/per subject
- pacn blucs s c2n under cither e ey o dignt vontoulun,
o CosuNIGECts N the eXperitient

- witnin subsects day versus night cornditions i€ palunced acrouss

biocks (AfoA).

- Acrcss subijects the day/niynt conds tion of the firs. block 1is
palanced.
O Poblock = 5 sessious

- 1 warmup session and 4 test sessions.

- Level of resolution is balanced across sessions (AEBAj.

~ Lavel of resclution of the first session is balanced acrossg
subjects.

2% 1 session = 20 approaches (100 approaches per bleck)

- 10C approach profiles wilil be generated with 20 profiles being
mily assgsigned to each session.
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Figure C-2. Design for Experiment 2
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ievels (3!) across the two blocks. Naturally, the sequence of co-dition
orders must also be balanced across subjects. For example, if we assign the
?CV level order 1, 2, 3 to the name A and

~
-

~
~

!
O 0O w

-~
~

N W= N
-

—_ N W s W
~

W = NN -
i

]
oL

~

an proceed to balance the presentation of these orders across suk-

The we Céa
1ng a latin square procedure.

JecCcLs us

Subr=cts: Twelve subjects are required. E2ach subject must meet the same
stazndards as described in Experiment 1.

Apsaratus: Same as Experiment 1.
ACTJAL EXPERIMENT AND RESULTS

Unfortunately, these experiments were not conducted as originally
pianned. The AWAVS device was not capable of handling many of the variables.
Resclution turned out to be & meaningless dimension in the AWAVS environment
since *ne besgt resolution possible was barely adequate for the task. The next
best level of resclution was totally inadequate in an LSO context. The day-
vs-night variable was also dropped since the simulation was not eguipped to
how a night scene cor a night aircraft image. Level of detail variaticsn was
also bevond the simulation's capability since only one aircraft image was
availabie. The distance from touchdown variable was discarded since the tar-
-2t projector had to remain fixed in a single position. In addition, it was
rscovered that the software which controlled the target aircraft only ailowed
4 stralant-vector iine approach. That is to say, once the aircraft started on
an aprroach vector it would not accept a modification of that vector during
tne approacn.  There was no method of randomly selecting approach profiles in
2zal time. The sequence of approaches had to be recorded prior to the start
of the experiment. All of these constraints led to a single experiment which
153 described relow.

]

8

So$idn. The twjor independent variables were:

ot View - The fielda of view was as described in Lxperiment 2
wiisned oy means of taping a sheat of cardroara cver the

aodVe, an

ans ate porT.on of the background proiector :zns. Three levels o hack-
jooand Tlela LI view were used. Each of these levels correspond to .mecific

ceesoar rnformation that tnhe LEC may us~ to calibrute h.s percepbic.-

SoLnoTn TAr Ty aecnenisn. The ficst level provades e" andcuration by
Toobuadity ot suow {rom the doeck wires to about 20 dgrees sigho o0 o0 ap-
£.07 200.7alt, a vieWwing are. of 160 degrees.  Tle sccoad el scuced
RN IY S LBy ocutting out the Llanding area ard the wive, L iFoUlca Lhe
Toweee Tooabeut 20 degroes. The third level reducori Lo anidrTation
Bk furth-r -o about a 45 degree Ffield of view in the approach area.
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2. Type of Deviation - Since only single vector approaches were possi-
ble, there were two types of deviations introduced, Lineup and Glideslope.

3. Size of the Deviation When the Approach Was Terminated - Since the
approach could rnot be completed to touchdown, all approaches were terminated
on LSC call or at a set distance (approximately 1500 “eet) from touchdown ¢
no call was maae. The size of the deviation at that ,.0int was determined :rom
positioning coordinates. There were four levels of tniiis variable: large,
medium and small, as well as, no deviation (a catch trial). Basis for devia-
tion size was based on questionnaire data collected in an earlier study by
Hooks and others (1978).

The dependent variables were:

The LSO Calls - The subjects were instructed to make calls to the
just as though they were actually waving the approach. No knowledge

s (touchdown information) was provided. The aircraft appeared,

flew" the profile and disappeared at the set range or on the voice call.

t o~

2. The LSO's Recall of the Deviations During the Approach - After each
approach the subject was asked for a profile description, noting any portions
cf the approach where he felt the aircraft may have deviated from the ideal
glideslope or lineup.

stimuli: An aircraft representation generated by the CGI porti-n of AWAVS was
used as the primary stimuli for the experiment. The AWAVS targst image pro-
jection field of view was set at its maximal setting. The backuround field of
view included the carrier deck outline, horizon, ship's wake, arresting wires,
and deck markings. Thirty approach profiles were constructed for use 1in this
exneriment. The profiles were computer generated images of an A-7 flying an
apnroach to a Forrestal-class aircraft carrier. The approaches differed from
on2 anotrner in two ways, the range at which the approach began and the type of
deviation that occurred during the approach.

The start range and deviation types were designed to combine in a completely
balanced marner. That is, each type of deviation began at each of the differ-
ent start ranges. For example, the "high" glideslope deviation approach pesan 4
at each of tne wnie2e start ranges, resulting in three "high" gl. :slo» devia-
zion profiles. il profiles were terminated at 1500 feet from tre toucndown
ioint. Therefo.z the tnree "high" glideslope profiles each ref.ected differ-
rng amounts of deviat.on at this termination point. Catch trial approaches
were also ircluded. 7The start ranges for these approaches were keved to those
for approaches which had deviations. Within the thirty profiles, six rad only
zlidesiope deviitions, six had cnly lineup deviations, aad nine were -combina-
tions of glideslope and lineup deviations. There were nine catch trials.

Subject: Six exrerimentaliy naive LSOs spent two days in Orianao, fiai:da, to
participate 1n the experiment.

Procedure: Each cf the six subjecs was run under all conditicns of L.uck-
ground field of view. The subject's task in this experiment was twofol ..
First, he observed the approacn and made a call when the aircrait deviated far
enough to require correction or warning. Wwhen the call was made, the approach
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TRBLE C-2. ANALYS5IS OF VARIANCE TABLZ - DATA

NAVTRAZDQUIPCEN 78-C-Clil-1

ZROBABILITY OF MAKING A CALL

RELATING THE

Sum of Mean

Source Squares 4as Square F
o [lirneup vs. glidesiope) 5306.7 1 530€.7 20.7
I {field of view; 3142.6 2 1873 4.8
3 {size of deviation) 1212.8 3 404.3 1.01
5 (suzjects) 3483.0 4 £70.8 -
D £ 3 1025.5 4 256.5 -
;X3 2607.4 8 325.9 -
A 4789.4 12 394.1 -
S X F 1405.9 2 702.9 i.84
o X B 2494.4 3 831.5 0.87
Foxg 2491.5 6 415.2 0.64
D S Nt 3054.2 § 381.8 --
2 XB X 11518.3 12 859.9 -
TwE o 15468.5 24 644.5 -
L XT nb 25497.3 6 4§249.5 0.93
X F ¥ X 210C24.4 24 4584.4 --
Total 193522.3 119
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NAVTRAEQUIPCEN 78-0-0151-
APPENDIX D
EXPERIMENTAL PRCTOTYFE LSC TRAINING SYSTEM

apPenalx describes the performance capabilities recommended for an

Xoerioental prototype LED vraining system. The capabilities are organized in

7 sane functional structure repourted by Hooks and others (1978;. TFigure
I-7. rXcerpted from that report, is provided as an organizational &id for the

seview of 1aformation presented below.

LNSVRUCT IORAL

,
Thie

ingtructiona. presentation asnect of the system involves presentatien

»F o oues which énablie trainee task performance and promote vhe learning of LSO

H41i.S

Tead

aspreacn

and kncwliedges. The functional elements are described kelow.

_Environment field of view should encompass tne continuum from

corridor tnrough the touchdown zone.

Approaching Aircraft (under LSC control)

E a.rcraft tyges: A-0, A-7, E-2, F-14, S-3 !these are the primary
“leet aircrafr; others wnich have been left cut are no: con-
sidered necessary for experimentation).

i2: position :.ights; red, green and white lights loc é on dif-

ated
lerent parts of the aircraft; positioning of the l:igh
by aircraft type; intensity and operability of indivi
under .nstructional control of the system.

TS varies
dual lights

rea, amper and green lights located orn front
it (usuallv the nose¢ wheel strut area,; ntensity
and operability of individual lights unier in-

N

sontrol of the system; lights correlated vo aircrar:

4 tLrorafit dvasalcs: sitch, roll, yvaw angles; speed.

(T Wi ent light nignht conditions

(2 veawsnes elfects:  reduced visibiiity, coexling

3 Tefinition:  contiauum from well-cefianed to non-

V) ludne guard aestrover:  saip positicined ajpreoximaloLly oL L Mmile

henlad cavrier; red wast i1ights.

edge in 150 field of wview: oniy one carr.icr
Lieddg R0 beoncdelled.
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b. Environmental sounds

(1) engine of approaching aircraft: variations in pitch and inten-
sity ~orrelated to range and pilot throttle control;
interactive with approach situation.

(2, deck noises: aircraft and flight deck vehicles; non-
interactive.

Q

Instructor/student communications

Workstation Displays.

2. WOD Indicator: wind speed and direction relative to ship heading.

b. Hook-to-Ramp Indicator: dynamically shows relative positioning of
ramp to optimum glideslope.

c. FLOLS Indicators: basic angle and roll angle

d. SPN~42 Radar Indicators: speed (true or closure), line~up devia-
tions, glideslope deviations.

e. Waveoff Indicator: red light near LSO console indicative of waveoff
light activation.

f. MOVLAS Position Indicator: indicative of MOVLAS signal positioning.

Workstation Controls.

a. "Pickle": hand-hela device for activating waveoff and cut lights.

b. MOVLAS Control: hand-operated lever for signalling perceived (LSO)
glideslope position of aircraft and inducing pilot responses.

c. Radio: hand-held voice transmit-receive device for radio
communications.

Deck Motion Zues.

a. Roll: dynamic rotation and static positioning (trim) about longitu-
dinal axis of ship.

b. Pitch: dyramic rotction and static positionirng (trim) about lateral
axis of ship.

Irstructicnal 7Teedback.

4.  Yraluative Predback scoring, diagnosis and specific performance

e ‘;
information, sitnatisan recorc/replay; freecze.

b. Demonstration: presentation of ideal performance and typical per-
tormance errors, through “"canned" approaches.
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AZAPTIVE CONTROL
Adapt:ve cortrol 1nvolves the selection and conirol of conditicns and
s1tuat:i.ons tailored to the .nstructional needs of the trainee. Both automated

and manual elemaents are described below.

se.cction of Loarning Alternatives.

4 Tasvx Selection: sSelection of the next sxi1il to Se learned or prac-
T ased on orior perfsrmance.
n.o Iastra 2 on: 3selection of the exercises and/or

ctioanal Strategy Jelec
£ i

t1
ects which promote learning ¢f the skill selected.

fructor .atervention. Functions enabling cthe instructor te act 4s an

adaptive training controiler.

4. Display: isformation conferning instructional strategy, exercise
conaditions, trainee performarcz; to include repeater of student view of
LLpreacn.

5. Controi: manual control of informavion accessibility and exercise
cro.t.as cviesual, prrotfaircraft; audio, trainee workstiation displays/

_onIrors, deck motion and instructional effects as descriosed earliser;.
SAERSOEMANCE EVALUATION

ctional support for evaluation of perceptual, decision-making and

4. Voice Zalls: extraction of speech recognition data relevant to LS50

. Cootro. RPotivaticons: extraction of data relevant to LSO control

3
iot.ivaticns (MOVLAS, waveoff lights. cut lights, radio).

xcraction of aircraft positioning an. :tate

y:  manual instructor-genersted gradang inputs.

Forlolmance comparisen of performance measuraner-c data

ar oot oaonter cratding to predicted performance.
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